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Environmental evaluations in a prospective behavioral study of children with blood lead
levels up to about 50 iig/dl went performed by an intensive environmental survey and by
exterior visual evaluation of bousing quality. Serial blood lead values for infints in the study
were compared to exterior bousmg type and quality, which itself was also compared with
results of the intensive environmental evaluation. Five bousing condition and type cate-
gories were defined: public housing; private housing (satisfactory, deteriorated, and dilap-
idated); and rehabilitated private bousing. In this interim report on the Ant subset of avail-
able data, the housing categories wet* found to differ in paint and environment dust kad
levels, with public and rehabilitated housing having lowest values. Blood kad concemra-
tions of children differed across housing categories as early as 6 months of age, with children
residing in public housing having lowest levels, followed by those in rehabilitated housing.
The spread in mean blood kad concentrations among the housing quality categories in-
creased with increasing age of the children. Housing category accounted for over one-half
of the Mood kad variability in It-month-old children, e i«u Miami Pm*. he.

INTRODUCTION
Lead-based paint in older houses has long been associated with elevated Mood

lead in children residing within them. The causal relationships were earlier
thought to be mainly due to the ingestion of lead-based paint chips (Un-Fu, 1967).
More recently it has been suggested that the intake of house dust contaminated
with lead is a significant pathway for at least part of the increased burden of lead
in children with moderately elevated levels of lead (Charney ft el.. 1980). There
has been considerable debate concerning whether the source of lead in the dust
comes from painted surfaces or from automotive or industrial air pollution fallout.
The source of the lead certainly depends on the characteristics of the community.
Children living in dilapidated bousing have been found to have elevated blood
lead as early as 7-10 months of age (Bradley et al., 1956). Even in situations
where housing was thought to be the primary source of the lead, few data are
available that directly address the question of the age at which the influence of
bousing commenced.

Sources of lead in the environments of children in the Cincinnati prospective
1 This paper was presented at The Second International Conference on Prospective Studies of Lead,

Cincinnati. Ohio, April 9-11. 1914.
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', study are determined periodically by an intensive on-site survey that focuses on
| the measurement of interior and exterior paint lead and a variety of dust samples:

surface dust and dust fall (interior and exterior), hand wipes, and soil. The high
rate of moving by families from one dwelling unit to another, however, results in
a large portion of the dwellings not being subjected to the intensive environmental
evaluation. On average there was more than one housing relocation per subject

| per year. In order to partially compensate for the resulting lack of environmental
information, an exterior or "windshield" survey procedure to assess building type
and condition was developed. This procedure was based on assumptions re-

t garding lead availability, condition, and age of house. Windshield surveys have
1 often been used in the past to assess rapidly certain characteristics of housing
; primarily related to level of maintenance. We were aided in the development of
; the exterior evaluation procedure by our previous lead source studies in a variety

of neighborhoods throughout the Cincinnati area (Reece ei al., 1972; Bertinuson
tt al., 1973; Clark et at., 1974; Hammond et al., I960) and by participation in
community housing development activities in Cincinnati over two decades.

In Cincinnati, housing can be classified into three general types: public bousing.
' nonrehabilitated private housing, and rehabilitated private housing. Public
! housing has been constructed by the local public housing authority since the mid-
. 1930s under U.S. public housing statutes. This type of housing is subsidized and
1 intended for low and moderate income families. Since it is relatively new housing,
i it generally contains low-lead paint. Typically this public housing was constructed

in clusters of 100 or more dwelling units, and a large portion of the building lot
was devoted to open space, frequently green. It is possible to identify readily by
exterior observation whether housing is "public bousing" or whether it has been
"rehabilitated" as subsidized housing.

Most of the private housing stock in which our cohort resides was built in the
» 19th century or in ore-World War II 20th century and usually contains multiple
• sources of high-lead paint. Some of the private housing, however, was built after
j World War II in which case low-lead or lead-free paint was almost always used.
; This newer housing was constructed on lots where a large portion of the land
• was devoted to parking and to green space, similar to the practice for public

bousing.
I Rehabilitated housing refers to older housing in Cincinnati that was extensively
; rehabilitated by private nonprofit and for-profit developers under 1965 and later
« U.S. housing laws. These older, predominantly 19th century houses usually con-
i tained high-lead paint prior to rehabilitation. This housing is also subsidized and
: is intended for low- and moderate-income families. The interiors of these reha-

bilitated houses were frequently "gutted." Virtually all surfaces on the interior
of this rehabilitated housing are therefore new, and low-lead or "lead-free" paint
was used in them. Exteriors were either sandblasted or chemically cleaned,
thereby dispersing exterior leaded paint to the ambient environment. The older
houses from which these rehabilitated units were derived frequently occupied
very high proportions of the lots on which they were built, with any available
land outside the houses frequently being paved. This lack of exterior space ad-
jacent to the house generally persisted after the rehabilitation process. Often the
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housing adjaceM lo the rebabdualcd housing «"» ** rehiibililaied MM! freuueMly
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(Youa*. IMS).
Air lend in Cincinnati is neneraly in the range i.2

•f the pubkc homa* is located within Mft M downwind of the

wM

A torne poftson
of the pubkc kousmg is located wttkrn M* m downwind of la* Major norm-south
tntTr-r- fcajhway system in Cincinnati, and some is aa dose as IM m. There
kas been a steady decline in average air toad concentrations in the study ana
ever me tost M yean wuh we current average concentration being 0.1 p*4m'.ever me tost M yean wuh me current average i

In mis interim report, me resuks of me intent
and bfood toad analyses wen each compared to I

METHODS
Study parucipants were part of the p iivc study, de-

IWS).tads of which have been presented elsewhere (Bomschein n ml
were obtained by vempunciure at VMonth Mtervaw with the

I collected at an age of 10 days. Wood toad analyses were per-
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formed using a coki digestion anodic stripping vollammclric mclhoil (Morrcll el
ul., 1976). Families of study parlicipaMs frequently changed residences. If the
child did not change homes from birth through the period of lime under coaud-
eratioa or moved between buddings m Use same housing quality category, the
entire record of blood toad data was utibzcd. However, rf the move was between
housing in dtffercM categories, only the bfood toad data from bulb up uMil the
time of the Move was utilized in IMS evaluation. AH laboratory analyses of paiM.
dust, and soil samples were performed using atomic absorption spectrophotoM-
eiry (AAS) by a laboratory accredited in industrial hygiene ckcmicd analyses.
Surface paint toad concentrations Img Pb/cm') were detected by use of a 0.122
McV Co" portable X-ray lluorocence (XRf-'l analyzer. Methods for cotteclmg
and analyzing the dust and soil saMplcs are described in deiad elsewhere (Que
He* el at.. 191)). These methods included surface dust coNeclion with a slaintoss-
stcd sampler and a vacuum pump (2 burs/mm) using three passes over a Mea-
sured area usuaNy 22 x 22 cm. Three wipes were performed for coMeciioa of
hand dust. Three <kges«ionWdec»a4«mi«n were done for dust and paiM sampks
and one for handwipes. Dusifall was nbtamtid using the polyethylene containers
described by Angle el ml. (1979).

Housing quality was assessed by the drive-by csienor evaluation previously
described. Buildings romsining the dwelling units of the study pantctpanis were
assigned lo one of five quality categories:

I. Pubbc housing and post-World War II bousing constructed privately.
II. Rehabdilaled housing.
III. He World War II kousmg—satisfactory appearance.
IV. Pre World War II bousing—deteriorated appearance.
V. Pre-World War II housing—ddapidated appearance.

The deteriorated and diUpulaMd categories for pre-Wortd War II kousmg were
combmcd in the comparisons with Mood lead of nrcupsnls because of ike smaH
Munber of children reiiding in ihlapidiiifid hnuiing

RESULTS
Results of analyses lo date of cnvirnnMeaiiit ismplci. catcgonzed acconhag MI

CMcrior housing quality, are presented M Table I. As ctpcclcd Ike toad COMCM.
as determined by XHF. in public and rchabiliuied housing is very tow compared
to that of the older private bousing. Smularly. Ike lead content of interior surface
dust (PbD). expressed in terms of either an area (mg Pb/M>) or concentration (**Y
g). is lowest for the pubkc and rehabilitated kousing and highest for the older
private homing in deteriorated or dilapidated c jndition. Lead in Mtcrior dost UH
(PbD Ul. nvg Pb/nrVM days) did not vary as much between the housing categories
(factor of Itt) as did the toad in PbD (Mg/M1) which showed 16-foU differences
but was siiH lower in Ike public and rcbabmtaicd housing than m the other cat-
egories. Mean interior dustlaH (Mg Pb/m'/JO days) in public bousing was only
about one-fifth that of rchatMUIatcd kousing. Although relatively tow CMcrior dusl
scrapings have been analyzed. conceMralions appeared to be lowest for pubkc
housing. Only a sii-fosd variation m the amount of hand toad Misled between
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After data were deleted for.
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. M docribtd MrNcr.
i for • total of M *Mdy pwwnpMMi were avaiMile for MMislkil MwJym. Tfce

Mil of 1J3 Mood kwJ values tlwfed were dhlribMcd in Ike i

•.04>.
ikose at 10 days. _ _ _ _ _ „ _ „
created with age of chid, wm changes ketog oreaie* far chihlrea kvw« in the
poorer kotMtog and kmt far ihose to public kwssac. IM tar|M nKTCMe to Mood
kad between age roupe occwred between t and 12 Months to A
wfcere Ike t*ometric nmn tocnased ftom 17.7 to 24.2 t _
Mood kad value, wen ntotrvely Mabte after • montks of njt far ctnwca to
pubhc koMtos. 9 •mMki of me far cWMnn to pn-WMd War II saustaciory
homing. Md 15 Mtmifcs of aoje for rhildria to nhabiHnitd Md poor

SUMMARY AND OttCUSSION

M Mows: I. 27%; II. ]•%; III. 13%; and IV. 12%. Ike Mood kad
RMk« we pmeaMd in Fig. I by a* of chtU at lime of M
Md by fcoaiiaf type. SocioccoiioMic MMwt did M dMfcr Cor CMwlk* a»o»| MM

fteciioa bated oab
***** te**l> **" toW*r ** ****** *• *•*

MMJ MMi M IM» MJWM9 wMMMHy. HMM MMI
twice as high h Ike poaHyd to be

WAS MMOfWaty toW WBV Ml CttlCMJfm*

iaikeprc-WarUWarll< kouiim beiai fcigfceii. Orowicinc
MMlkt<

I WM two M three toe* h«j*er Ikaa Ikal far ckMrea • public
Away Mood kad vaNei fat cMdrin in rekabiwland kimiaj aad ia aHirtaclory
prt-WorU War II aotiilat were geaeraNy timilar. By iptcifytai boatî  ipjalHy
uicforiei. it was poiiiMe to account for M. 12. 4». and 3)% of Ike variability
m the observed Mood kad kveh of •-. 12 . 13-. and l̂ moMh-oU ch*kea. re

private kotntM thaa !• pwMic and rekabwilaled
koiiMn. mood kid tmfcj dMfcnd rMildrijM> MMM ckldiM ckjisalcd by
fcomiM ooalily Sij«iflcM« differeaces ia Mood kad assoiiatid wHk koosia«
Makty wen detected M ckMrea at yoMfa* » MW*S of an. TM kiakntMood
kad values were found in childrea Uvia« to pn-WMd War II komi* • deteri-
oraled or diiapidaltd COMKUM. iaiirandiaii kmk) WOT diUcud M chddraa •
refcabitiiaied bousiat or other wed awJataiaed ohter kowiiwj. aad ike towesi
kvris wen found in ckNdraa Nvinj in pvMfe HMMIJ Md Mkar racentty buiM
private kousinf. AhhoHfli rehabUiiaied kousim coainined tower kad paiM kveb
than did pubfcc kousint. M determined by XRF. children in rehabilitated dousing
kad hifher Mood kad kvels laaa childrea ia pubbc boMMnf. sune«<«« Ikal kad
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source, i. Ih. ——cd«,c neihborbood, of the rd»b*Utol bous*. -y be "" ""
factors. „ r——. r H ciwk. C. S . GHIUK. f S . Hns«. O . W»lk<t. A . MM. Miclucl. L W IIWM

The locations of Ihe binning ia al four categories were in general Ihe same Nut icW curcu* • yaw* dMUm « MIMMI to HMKM * MM) •
with the only aptiareni dafcitaus being Ibe cluslcrMg of public bousing units. *«» Or-|f ̂ "~ N">M **: l*̂ ^
fdMlvdV flHtfC VaVd ftflniiCC ftiiif IIIIIIIIIIIIIBC ^MNIKMHl IMUlt COfltjtttfCll IO itw OfjjfcCf hOMMIaiit
catcgancs. and Ihe prniuaily so aa imerttate highway of nwicb of ibe public
homing, lae larger anMMM of yard space for pubbc housing au>y be responsible
for the rcfalivcly tow dustfol Isvebi ia pubbc homing. Ambient air levels were

r for ai four rsifgnrici with Ihe eiceptioa of possibly higher levels '..•'••?n> °" ^^LtY '̂a^rfc i a a»«ck«» • L
al.

iMenWc bighway. to spile of Ibk do*eMss 10 Irarlk. cMdre* w pubbc houiMMj ujg7af in<n« furr- •-• "•" **
bad ibe towcsi blood lead levels. suijacsiMit Ibal air lead bam bMjbways baa «dy BTrl.f B M B,̂ , A (. chA. c s . A««a*. • . CM*>. K • . ckdk». • $.
a very hamr< etfcci on blond lead ia rbibkca m ibis smdy. Vacuuai dusl lead c A tnnt £*.««< M«< h»< !«»«>» •««i«i'"''«i««iyi»«i<ii'ii»ini by x-««
levels were tower for ibe pubbc bouiMM) ibaa for Ibe otber three hotttiajj cale- *•" *• «" «* •>«. »-«•
juries oa a coaceairauoa basis bui were ibe saaie a* ia ibe rehabiliiaied bomiat *••»• "•*imJI c **•"
oaaa area basis (•ujfer*). laieriordHiliaHkvcte for public buu«M« were Ihe MMM
as ia ubabibiiied hnuiiaj oa a coaccairaiioa basis. The perMsieace wiih aae of
ibe Mood lead diflereaccs by hoiHiai caiefory wiM be evaluated up lo al teari 5
yean of aae as the prospective study ia which the cbddrea arc panicipMiag
coaliaues. to sddiiioa. procedures wiN be developed to evabiaic blood lead data
fata* rbildrta who have Moved betweea bout tag ajuahiy categories. I iauird data
cumaHy available for ctoidrea at 21 aad 24 awMhs of age revealed Ihe SIM
general Ireads as those eahtbMcd al the younger ages.

la Ciafiaaaii. the matt eftecuvc intervention Measure lo reduce lead c»pmure
appears lo be lo unprovc the Quality of the homing slock by more efforts to
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